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OBJECTIVE AND SCOPE 

Water samples in the area of St. Louis Park are contaminated with 
coke tar distillate consisting of a mixture of volatile organic 
compounds called creosote, twenty one polycyclic compounds and 49 
nitrogen containing heterocyclics have been identified from the con­
taminated water. There are undoubtedly hundreds of other potential 
toxicants in these samples. However, this document is confined to 
discussing the commonality of metabolic activation of polycyclic 
hydrocarbons to carcinogen forms which are identical in humans and 
laboratory animals indicating that laboratory studies dealing with the 
carcinogenicity of these compounds can be extrapolated to assessing 
potential risk to humans. Also, this report shows that mixtures of 
polycyclic carcinogens and non-carcinogens even at low concentration 
of individual components may act synergistically to present a greater 
tumor forming potential than the sum of the individual components of 
the mixture tested separately. 



INTRODUCTION 

Polycyclic hydrocarbons are formed by the incomplete combustion 
of carbonaceous material and are major components of coal tar, exhaust 
gases from transportation sources and frwn refuse burning (Committee 
on Biological Effects of Atmospheric Pollutants 1972). Temperatures 
under 1000°C allow free-radical polymerization of carbon to build 
various polyaromatic structures in the most energetically stabilized 
forms. 
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Figure 1 Free-Radical Polymerization. 

Figure 1 shows the possible pyrolytic formation of benzo(a)pyrene 
via ethylene free-radical conjugation (Badger 1962). 

Benzo(a)pyrene has been the most extensively studied carcinogenic 
polycyclic hydrocarbon and has become the prototype molecule to attempt 
an understanding of the metabolic basis for the substantial tumor-
igenic capability of members of this class of chemicals (Gelboin and 
Ts'o 1978-1982). 

Polycyclic hydrocarbons are quite hydrophobic due to their lack 
of functional groups and the high resonance stabilization caused by 
the pi-electron cloud over the asymmetric annellation of the constituent 
benzene rings (Clar 1964). Therefore, the major functions of the de­
toxification process are two fold; first to deactivate the toxic 
functional groups on the molecule, and secondly to add on to or change 
the molecule in some fashion to render it water soluble for more 
facile excretion as a harmless waste product (e.g. addition of 



-OH; glucuronic acid; sulfate). 

Polycyclic hydrocarbons are also quite inert chemically due 
to the aforementioned resonance stability and require fairly vigorous 
reaction conditions in the laboratory to place functional groups on 
the parent molecules. This chemical stability is the reason for 
their long term survival in the environment without substantial 
degradation and is one of the main reasons polycyclic hydrocarbons 
present a very substantial hazard to the community surrounding the 
former creosote plant in St. Louis Park, Minnesota.. 

BIOTRANSFORMATION 

Once these chemicals enter the body, the natural detoxifying 
systems become operable (Selkirk 1980). However, in attempting to 
"defuse" the carcinogen the body is inadvertantly forming the active 
species of the polycyclic molecule (Selkirk and MacLeod 1982). 
This can best be visualized using an activation-energy diagram, 
wherein the steps in the metabolic activation scheme are superimposed 
on the energy curve to exemplify the requirement of the inert parent 
molecule to be raised to a higher energy level. 
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Figure 2 Metabolic Activation of Chemical Carcinogens. 

Hydroxylation is one of the most common detoxifying mechanisms, 
I in or accomplish the addition of this chemical group, cellular drug 



detoxifying system must first activate the carcinogen molecule to allow 
the breakdown steps to proceed to final excretion products. Therefore, 
the inactive parent molecule is activated to a short-lived intermediate 
which is transformed into a water soluble hydroxyl product for con­
jugation which is followed by excretion via the bladder or feces (in­
active metabolites). However, polycyclic hydrocarbons such as those 
found in the Reilly Tar samples (e.g. benzo(a)pyrene) form sufficiently 
long lived intermediates within the cell (reactive metabolite) that 
reaction with critical target sites within the cell such as the genetic 
material (DNA, RNA) can. occur. This reaction (target site interaction) 
is known to lead to cell death, mutation, cancer, and teratogenesis. 
The dotted line in Figure 2 represents a relatively unique situation 
for polycyclic carcinogens where some inactive metabolites (hydroxy-
lation products) that have failed to damage the cell can be recycled 
for another round of activation to form an even more potent toxicant 
with greater mutagenic and carcinogenic activity than the first reactive 
intermediate (Slaga et al. 1976). This is best illustrated with the 
activation pathway for benzo(a)pyrene. 

Figure 3 Activation of Benzo(a)pyrene to its Carcinogenic Form. 

Figure 3 shows benzo(a)pyrene (1) being activated by the drug 
metabolizing enzyme complex AHH (aryl-hydrocarbon hydroxylase) to a 
reactive epoxide intermediate (2). This epoxide is detoxified to an 
inactive hydroxyl product (3). However, the inactive dihydrodiol (3) 
is reactivated by the same enzyme complex to the most carcinogenic 
form of benzo(a)pyrene; namely a diol-epoxide (4). This highly un­
stable epoxide metabolite will spontaneously open the ring to form a 
triol-carbonium (5). This final intermediate, which possesses a 
positive charge (+), reacts with critical areas in the cell to produce 
malignant transformation (Mager et al. 1977). The mechanism of 
transformation is not yet understood. 
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There are two reasons for detailing the metabolic activation 
processes In this document which relate closely to evaluating the 
potential hazard In the St. Louis Park area. In the first Instance 
all known chemical carcinogens are electrophlllc; their putative 
final reactive form Is a positively charged (+) species. Also, all 
polycycllc hydrocarbons that have been metabollcally studied produce 
epoxide Intermediates and hydroxylated and oxygenlated end products. 
Of the twenty-one compounds Identified In the water from test wells 
around the St. Louis Park, at least seven are known to follow this 
reactive pathway: anthracene (Akhtar et al. 1979), chrysene (Vyas 
et al. 1981), benzo(a)pyrene (Selkirk 1980), benzo{e)pyrene (MacLeod 
et al. 1979), phenanthrene (Vyas et al. 1981), dibenzanthracene 
(MacNIcoll et al. 1979) and benzanthracene (Thakker et al. 1979). 
The remaining compounds have not been available In sufficient quan­
tities to enable metabolic analysis. However, In light of the fact 
that all polycycllcs studied to date follow this pathway. It Is 
reasonable to assume that the remaining polycycllcs In Table I form 
similar reactive Intermediates. 

It Is also Important to realize that this activation pathway. 
Including the mechanism of action of the monooxygenase enzyme 
system and the metabolites formed, 1s Identical In aT[ species that 
have been studied -Including humans (Selkirk et al. 1976). Metabolite 
profiles seen In laboratory test animals such as mice, rats, hamsters 
and monkeys are qualitatively Identical to human with some variance 
In metabolite ratios.(Selkirk 1977). The major difference: between 
species which are relatively susceptible to malignant transformation 
and those relatively resistant, may be a function of metabolic rate; 
whereby cells resistant to malignant transformation are more efficient 
In removing activated Intermediates than are susceptible cells 

CARCINOGENICITY AND MUTAGENICITY OF POLYCYCLIC HYDROCARBONS IN 
ST. LOUIS PARK WATER 

The twenty-one compounds Identified from water samples between 
1978 - 1979 have been surveyed for carcinogenic and mutagenic 
activity In the scientific literature. Table I summarizes this data 
and represents experimental evidence In rodents and In human and 
rodent cells. While these compounds represent a small fraction of the 
polycycllc molecules In creosote they Include a number of known 
carcinogens and mutagens, and thus form an adequate cross-section to 
form a hazard assessment. In addition to testing of:the specific 
compounds, coke tar gas condensate Itself has been tested directly 
for skin tumor activity In mice (Yanysheva et al. 1964). At the end 
of sixteen months all surviving animals were tumorous. 

Table I was compiled from the Registry of the Toxic Effects of 
Chemical Substances (RTECS, Chemical Information Service, Washington, 
D.C.) and represents an Up to date survey. However, additional data 
searches of the most recent literature In the Toxllne Data Base of 
the National Institutes of Health confirm this survey. (The extensive 
referencing of the literature confirming the results In Table I will 
be supplied as an appendix to this report.) 



TABLE I Carcinogenic and Mutagenic Activity of Compounds Found in 
St. Louis Park Water From Test Wells. 

Compound Carcinogen Mutagen 

Biphenyl + 

Anthracene + 

Benzanthracene + 

Chrysene • + 

Benzo(a)pyrene + 

Phenanthrene + 

o-Pheny1enepyrene + + 

Pyrene + 

Fluoranthene •+ 

Benzo(e)pyrene .. + 

Benzo(k)f1uoranthene nt* 

Benzo(j)fluoranthene -1- nt* 

i-. 

2-methyl-naphthalene 
Acenaphthalene 
Fluorene 
1,2,6,7-tetrahydropyrene 

9,10-benzphenanthrene 
Benzo(g,h,i)perylene 
Naphthacene 
Dibenz(a,c)anthracene 

(data incomplete) 
II 

II 

It 

It 

* lit = not tested 

ST. LOUIS PARK WATER AS A HEALTH HAZARD 

The ground water surveys in the St. Louis Park area have shown 
the land In the immediate area of the former Reilly Tar Company to be 
highly contaminated with organic soluble and base soluble chemicals. 
The degree of contamination in the various water samples falls between 
unpleasant taste and smell to pure pools of chemicals that from a two-
phase system. The density of the organic chemicals result in vertical 
percolation through the substrata into the aquafers Which supply 
drinking water to the surrounding community. 

The concentration of various polycyclic hydrocarbons identified in 
the water samples are a function of their-relative proportion in the 
creosote, but likely follow an adsorption chromatography effect caused 
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by the packed soil and clay and the relative solubility of each 
polycyclic hydrocarbon in water. Changes should be expected in the 
concentrations of the different polycyclics with time, when the more 
hydrophobic compounds (e.g. benzo(a)pyrene) will increase. 

SYNERGISTIC EFFECT OF MULTIPLE CARCINOGENS AND MUTAGENS 

It is quite apparent that anyone drinking creosote contaminated 
water is exposed to a battery of known and suspected carcinogens and 
mutagens. While some potent carcinogens are present in low concen­
tration their biological effects are known to be potentiated by 
the presence of other polycyclic hydrocarbons and/or other chemicals 
that increase the level of the monooxygenase enzyme complex, causing 
a further increase in the body tissue's ability to activate carcino­
gens to their reactive forms. This effect was clearly demonstrated 
in a recent study in which auto exhaust emissions, coke oven tar and 
roof tar were tested for skin tumor forming activity in mice, and 
compared against the relative content of benzo(a)pyrene in each test 
substance (Nesnow et al. 1982). 

In the case of roof tar, tumor yield was approximately six-fold 
greater and coke oven main produced an eight-fold greater tumor yield 
than was produced by an equivalent amount of benzo(a)pyrene in,each 
tar sample. Undoubtedly the potentiation effect was a function of 
multiple initiators and pranoters. 

The biochemical mechanism of tumor induction and enhancement is 
not well understood and demands an extremely conservative approach 
to a "threshold concept" or a "minimal acceptable dose" allowance. 
While it is experimentally possible to apply low enough concentrations 
of carcinogen to form no tumors in test animals, these experiments 
are always done with pure and well defined chemicals and under care­
fully controlled laboratory conditions. 

Our experimental knowledge of animal treatment with mixtures of 
chemicals, both carcinogens and mutagens,is quite rudimentary at the 
present time. In addition, the composition of environmental pollutants 
from industrial sources such as creosote plants is non-uniform and 
precludes any attempt at complete analysis. These uncertainties, 
coupled with the tumor enhancing capability of carcinogen mixtures, 
make impossible the establishment of an acceptable level of ingested ; 
carcinogen that could be considered relatively safe for all people. 

An additional series of toxic chemicals have been identified in 
one report (Pereira et al. U.S. Geological Survey April, 1982). These 
are nitrogen containing heterocyclics. Nitro-arenes and aza-arenes 
most certainly contribute to the carcinogenic and mutagenic hazard 
in the St. Louis Park water. While the mutagenic and carcinogenic 
potential of these toxic chemicals have not been studied in the same 
depth as polycyclic hydrocarbons, three compounds of the forty-nine 
identified in the water samples are potent carcinogens and mutagens. 
The amino-arene, 2-naphthalenamine was one of the first compounds im­
plicated in bladder cancer found in workers in the German dyd stuffs 
indistry (Rehn 1895). In addition, o-toluidine and quinoline are 
potent rodent carcinogens and mutagens. 
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